Background: Chronic kidney disease (CKD) is a very common pathology in cats, especially in the geriatric age. A proper renal diet is considered the current standard of care to enhance patients' long-term survival and quality of life. However, when diet alone is not sufficient, it is necessary to supplement it with specific substances: these are phosphate binders and alkalinizing agents. The aim of this study was to evaluate the effectiveness of a feed supplement containing calcium carbonate, calcium lactate gluconate, chitosan and sodium bicarbonate in controlling hyperphosphatemia and metabolic acidosis in cats with severe CKD (IRIS, International Renal Interest Society, stage 3 and 4). Materials, Methods & Results: 10 cats (median BW 4.00 (3.20; 5.70) Kg, BCS 3/5 (2.25; 3.75), 11 (8.25;12.00) years) fed with a balanced renal diet were included in the study. To be enrolled in the study cats had to be affected by CKD in stages 3 or 4 and show hyperphosphatemia. Treatment consisted in oral administration of the product (Renal, Candioli Pharma) at 0.2 g/kg/day mixed with the food for 60 days. The animals were evaluated at the beginning of the study and at 15, 30, 60 days (T0, T15, T30, T60) for: clinical condition, BW, BCS, blood pressure and for routinely hematochemical, biochemical and urinary parameters. Owners were asked to assess appetite of the cat, palatability of the supplement, presence of vomit and/or diarrhoea, general health and vitality. All statistical analyses were performed using SAS software. After checking normality data were analyzed using Kruskal-Wallis and Wilcoxon tests. Results are expressed as median (interquartile range). For the parameters P (P < 0.0001), iCa (P = 0.0008) and HCO3 (P = 0.0002) there were statistically significant differences among times of supplementation (T0, T15, T30, T60). Statistically significant reduction of serum phosphorus concentration was obtained through the study (reduction of 59% at T60 vs T0). Also a statistically significant increase of bicarbonate was seen (7% from T0 to T60). At T60 was also recorded an increase of ionized calcium level, which however was in normal range. For the other laboratory parameters, no statistical difference was recorded. All the owners reported a good palatability of the product. The decrease of vomit and diarrhea episodes and the increase of the appetite reported were statistically significant (P < 0.05). Discussion: The restriction of available dietary phosphorus is now recognised as one of the major contributors in slowing the disease progression and improving survival rates. Phosphate binders are able to absorb phosphate (P) in the intestine, forming insoluble products that are eliminated with the faeces, thus decreasing serum phosphate levels. The phosphate binders contained in the product tested in the present trial were chitosan, calcium lactate gluconate and calcium carbonate. During the study P decreased significantly from T0 to T60, reaching the target post-treatment plasma P concentration for IRIS stage 3 after 30 days. Another important recommendation for CKD treatment is to use alkalinisation therapy if metabolic acidosis is present. The feed supplement tested in this study also contained sodium bicarbonate. In our study, 90% of the patients at the inclusion examination had metabolic acidosis. At the end of the study, the median blood bicarbonate concentration was in the normal range, thus reaching the IRIS treatment target. The feed supplement tested was therefore effective in reducing blood phosphate levels and in increasing blood bicarbonate levels, thus improving the cats' clinical conditions for the duration of the study without any adverse effect.
INTRODUCTION
Chronic kidney disease (CKD) is a very common pathology in old cats (more than 15 years; [13] ), and it can even affect the 50% of them [11] . CKD is defined as a kidney disease that has been present for three months or longer [25] . Dogs and cats with CKD are staged according to guidelines developed by the International Renal Interest Society (IRIS) [18] .
There is general agreement regarding the nutritional management of CKD when overt signs exist, which includes measures to reduce signs of uremia and to slow down the progression to later stages of disease [12] . Based on clinical trial findings, a renal diet is the therapeutic intervention most likely to enhance longterm survival and quality of life for patients with IRIS CKD stages 3 and 4; as a consequence, diet should be considered as the current standard for care [2, 6, 15] .
When diet alone is not sufficient, CKD cats need to have their diet supplemented with phosphate binders and alkalinizing agents [26] . The aim of this study was to evaluate the effectiveness of a feed supplement containing calcium carbonate, calcium lactate gluconate, sodium bicarbonate and chitosan in cats with CKD in IRIS stages 3 and 4. Since CKD cats often show poor compliance [2] , palatability and ease of administration of the product were also evaluated.
MATERIALS AND METHODS
The study was performed at the Veterinary Clinic Napolivet, in Naples (Italy). An owners' written consent was obtained and all the samples were collected by the same clinician.
Animals
Using the available detailed database of the clinic that included history, physical examination, hematology, biochemistry, urinalysis, and urine protein/ creatinine ratio of the patients, ten cats were selected. Cats were excluded if they were affected by other concomitant diseases like acute kidney injury, prerenal or postrenal azotemia, genitourinary tract inflammation or infection, urinary tract obstruction, chronic heart failure, neoplasia, hyperthyroidism, diabetes.
To be enrolled in the study cats had to be affected by CKD in stages 3 or 4 according to the International Renal Interest Society (IRIS) system [18] (serum creatinine concentration above the reference value, 2.9 mg/dL, on at least 2 different consecutive occasions) and show clinical signs of polyuria and polydipsia. For the enrollment in the study the animals should also have hyperphosphatemia, i.e. a plasma phosphate concentration higher than 5 mg/dL (1.6 mmol/L) for cats in IRIS stage 3 and higher than 6 mg/dL (1.9 mmol/L) for cats in IRIS stage 4.
All the animals were fed with the same renal diet (Royal Canin Renal Feline) 1 from at least eight weeks before the inclusion in the study. The amounts offered were based on the estimated requirements according to FEDIAF Nutritional Guidelines [10] . The same diet had to be maintained for the entire duration of the study. After the enrollment (T0), to the diet was added a feed supplement (Renal) 2 especially designed for cats with CKD ( Table 1 ). The dosage was 0.2 g/kg body weight/day divided in two daily administrations mixed with the feed. The supplement was given for 60 days and analysis were performed at 15 (T15), 30 (T30) and 60 (T60) days.
Blood Sampling
Blood samples were collected from the jugular vein after an overnight fasting and divided into three tubes: a tube without anticoagulant for serum, a K3-EDTA anticoagulant tube for entire blood, and a heparinized tube for hemogas test. Venous haemogas analysis was performed immediately after sampling with a standard analytical device (Vet Scan i-STAT Handheld Analyser) 3 to assess bicarbonate (HCO3) and ionized calcium (iCA). For complete blood count. (CBC) a standard analytical device (scil Vet ABC™) 4 for the determination was used to evaluate: hematocrit (HT), hemoglobin (HG), red blood cells (RBC), white blood cells (WBC), neutrophils (N), eosinophils (EO), lymphocytes (LYM). For the biochemical analysis an automated analyser (Echo) 5 was used to obtain creati- 
Urine Sampling
Urinary samples were collected by free catch. Urinalysis included specific gravity (SG) by refractometry and sediment examination. Urine was centrifuged (2 min at 1500 x g) and supernatant was removed and stored at +4°C to evaluate urine protein (UP) concentration (pirogallol red method) and creatinine concentration (Jaffè method) within 12 h. Urine protein/ creatinine (UPC) ratio was then calculated.
Clinical examinations
During each visit a complete physical examination was performed and body weight (BW) and body condition score (BCS, 1-5 point scale, [28] ) were evaluated. Blood pressure (BP) measurements were also taken by an indirect Doppler method using the radial pulse with the cat in sternal recumbency or sitting. At each examination, five measures were performed and the mean value was recorded. During each visit a questionnaire was given to the owner to assess: appetite of the cat, palatability of the supplement, presence of vomit and/or diarrhoea, general health and vitality.
Statistical Analysis
The normality of the blood parameters distribution was checked by a Shapiro Wilks test for normality using the PROC UNIVARIATE. Since all distributions appeared to be non-normal (P < 0.05), blood parameters were compared by the Kruskall Wallis test in relation to the time of supplementation, by means of PROC NPAR1WAY. If the Kruskall Wallis test result was significant, a multiple comparison analysis based on pairwise two-sample Wilcoxon comparisons was performed (P < 0.05 was considered significant).
RESULTS
All the ten cats selected completed the study. Signalment and general characteristics are presented in Table 2 . The main breed represented was European shorthair and all the animals were neutered. 9 cats were in IRIS stage 3, only 1 cat was in IRIS stage 4. No statistical differences were recorded for ematochemical parameters measured during the study (Table 3) .
Data on the biochemical profile are presented in Table 4 . Crea and BUN, markers of renal function, remained stable and no significant differences between day 0 and day 60 were recorded. Statistically significant differences were only recorded for P values (P < 0.0001) that decreased throughout the study with a reduction of 59% at T60 vs T0.
In Table 5 the hemogas parameters are presented: both iCa (P = 0.0008) and HCO3 (P = 0.0002) showed statistically significant differences among times of supplementation (T0, T15, T30, T60). iCa level at 60 days was the lowest and significantly different from the other levels (P < 0.05). There were also differences among the HCO3 levels at different times: the levels at 0 and 15 days differed (P < 0.05) from the levels at 30 and 60 days and it was detected a 7% increase from T0 to T60.
Urinalysis (Table 6 ) didn't show any significant change and UPC, UP and SG remained stable until T60. Neither for blood pressure measurements significant differences were reported (Table 7 ).
All the owners reported a good palatability of the product that was consumed by all the animals during the supplementation. From T15, general health improvement was observed; at T0, 80% of the patients presented vomit and diarrhea, which were no longer reported from T15 (P < 0.05). Furthermore, 90% of the cats were anorexic at the first examination. Of these, 66% showed an increase in appetite during the study (P < 0.05). No increase of body weight or body condition score was observed. 
DISCUSSION
Since in most CKD cases it is not possible to treat the underlying cause, treatment goals are to manage the metabolic complications in order to improve the quality of life and slow CKD progression [8] .
Several markers have been associated with shorter survival in cats with CKD, including proteinuria, anaemia, and hyperphosphatemia [4] . In addition, both in humans and cats a highly significant association between increased plasma phosphate concentration and shorter survival time has been reported [20] .
Phosphate is freely filtered at the glomerulus, thus its plasma concentration can be considered as a marker of the glomerular filtration rate (GFR) [4] . The mechanisms involved in phosphorus homeostasis are complicated and still not fully clear [7] . It is known that it depends on the balance between dietary intake, the exchange of phosphorus between extracellular and bone storage pools, and renal excretion [14] . It is also closely interlinked with calcium homeostasis, since both minerals plasma levels are modulated by the calciotropic hormones, PTH and calcitriol, and an increase in plasma phosphorus concentration causes a reciprocal decrease in ionized calcium concentration via the law of mass action [14] .
In humans there is evidence that hyperphosphatemia is associated with vascular calcification and nephrocalcinosis, with a subsequent more rapid disease progression [19] . The situation in cats appears to be different. In fact, in the only published work that correlates kidney lesions with clinicopathologic variables in cats with naturally occurring CKD, plasma phosphate was associated with interstitial fibrosis but was not associated with tubular mineralisation [4] . This suggests that hyperphosphatemia in cats may not involve parenchymal mineralization but may contribute to renal fibrosis with another mechanism, thus leading to CKD progression [22] . So far this highlights the need for more aggressive control of hyperphosphatemia and renal secondary hyperparathyroidism in cats with CKD.
Therefore, the restriction of available dietary phosphorus is now recognised as one of the major contributors in slowing the disease progression and improving survival rates [2] .
IRIS guidelines recommend maintaining plasma phosphate within the target reference range, which is different for each CKD stage, by reducing phosphate intake via dietary restriction, often in combination with a dietary phosphate binder.
In the present study this strategy was effective and P level decreased significantly from T0 to T60, (its median value diminishing from 8.30 to 3.58 mg/ dL) and reached the target post-treatment plasma P concentration for IRIS stage 3 (from 2.7 to 5.0 mg/ dL) after 30 days of administration (median value at T30: 4.83 mg/dL).
Phosphate binders are able to absorb phosphate in the intestine, forming insoluble products that are eliminated with the faeces, thus decreasing serum phosphate levels [27] .
The phosphate binders in the product tested in the present trial were chitosan, calcium lactate gluconate and calcium carbonate.
Chitosan is deacetylated glucosamine made from chitin and acetyl glucosamine [23] . Previous studies in humans and cats with spontaneous CKD showed the efficacy of chitosan, alone or in combination with calcium carbonate, to control hyperphosphatemia and reduce azotemia [2, 29, 30] .
Calcium lactate gluconate is a calcium salt and it has been used as a gut phosphate binder in human medicine, in association with calcium carbonate [9] . Calcium carbonate is widely used both in human and veterinary medicine, because of its availability, ease of use and its low cost compared to other binders [16] .
In human medicine it has been hypothesized that in addition to binding dietary phosphate, calcium carbonate prevents or even reverses a negative skeletal calcium balance, thus decreasing fracture risk, which is typical of CKD [16] .
The use of calcium-based phosphorus binders has the recognised side effect of increasing the risk of hypercalcemia in human medicine [27] , although little data is available in veterinary medicine [7] , especially in cats.
In the present study, the serum ionized calcium levels of the patients were significantly higher at T60 than at T0, but never increased beyond the reference range (1.1-1.4 mmol/L [24] ). In any case, the possible risk of hypercalcemia is the reason why it is important to check the plasma calcium concentration (preferably the ionised fraction), when monitoring a patient on a phosphate-restriction regimen using calcium-based phosphorus binders [7, 26] .
Another important recommendation for CKD treatment is to promote alkalinisation if metabolic acidosis is present [17] . It has been reported that metabolic acidosis affects 15% of cats in IRIS Stage 3, and more than 50% of cats in IRIS Stage 4 [21] .
Patient's acid-base status should therefore be checked, if possible using blood gas analysis, and on the base of the laboratory findings metabolic acidosis should be treated [25] .
IRIS provides guidelines for metabolic acidosis treatment in Stage 2-4 CKD cats. If this condition is confirmed (blood bicarbonate or total CO2 < 16 mmol/L) sodium bicarbonate needs to be orally administered to maintain blood bicarbonate or total CO2 in the range of 16-24 mmol/L.
The feed supplement tested in this study also contained sodium bicarbonate.
In our study, 90% of the patients at the inclusion examination had a blood bicarbonate concentration under the normal range (16-24 mmol/L). At the end of the study, the blood bicarbonate concentration of all the patients was in the normal range, thus reaching the IRIS treatment target.
In human patients with CKD, chronic metabolic acidosis has been associated with an alteration in bone metabolism, insulin resistance, protein-energy wasting and accelerated progression of kidney disease. A low serum bicarbonate level has also been associated with high mortality in human beings [5] . Consequently, bicarbonate supplementation has been proposed as a renoprotective strategy [1] . Evidence from clinical trials suggests that alkali therapy could retard the pro-gression of CKD [5] . To the authors' knowledge, no previous studies have been performed in cats to evaluate the nephroprotective property of sodium bicarbonate, and further investigations are needed.
Cats in general, and more specifically cats with CKD, are known to have problems with their appetite [2] . It has also been reported that the addition of a phosphorus binder may reduce food intake in azotemic cats [3] . This effect was not seen in the present study, and 66% of the patients showed an increase in appetite, probably due to the improving clinical conditions.
Although the present study has yielded some findings, its design is not without flaws. They include the low number of cats in the trial and the lack of a control group. Even the duration of the clinical trial could also be considered a limitation, because CKD therapies should continue for long term periods.
CONCLUSIONS
Additional researches are required, but even with the above-mentioned limitations, we can conclude that when a balanced diet specifically designed for cats with CKD is not sufficient to improve metabolic status of the subjects a specific supplementation is required. The supplement tested was effective in reducing blood phosphate levels and in increasing blood bicarbonate levels, thus improving the cats' clinical conditions for the duration of the study without any adverse effect. 
